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Introduction:  The geomorphology and geology of 

Mars, for at least the last 20 years [1], has presented a 
consistent, coherent picture of that planet as water-
rich, such that aqueous activity has occurred, sporadi-
cally at least, on its surface throughout its history. The 
robustness of this conclusion is evidenced in its persis-
tence, despite difficulties of reconciliation with geo-
physical and geochemical theory [2], and numerous 
nonaqueous hypotheses [e.g., 3] applied to restricted 
subsets of the interrelated evidence for aqueous activ-
ity on Mars. More recently, the role of water on the 
Martian landscape has been confirmed by striking dis-
coveries of (a) exceptionally young, water-related 
landforms [4, 5] interpreted as part of a whole assem-
blage of very recent, water-related activity [6], and (b) 
neutron and gamma-ray signatures of a near-surface 
zone of high water-ice abundance at high Martian lati-
tudes [7]. What do these discoveries mean for past 
hydroclimatic change on Mars? 

Reconstructing the Past:  There are two, some-
what conflicting strategies for specifying the boundary 
conditions necessary to explain the young aqueous 
landforms. Strategy U, a variant of uniformitarian prin-
ciple, holds that present-day, exceedingly cold-dry 
Mars conditions are better (more simply, or parsimo-
niously) postulated as a basis for model simulations, 
rather than “speculations” about warmer, wetter past 
conditions. In terrestrial geology the uniformitarian 
principle has a long tradition of advocacy, and also one 
of scientifically counterproductive outcomes [8]. In 
contrast to Strategy U, Strategy C is less elegant in 
theory but more fruitful in historically demonstrable 
scientific success. It consists of colligation, coherence, 
and consilience. First one colligates all the evidence of 
the potential water-related landforms, as manifested in 
time and space. The most seasoned tool for this as-
sembly, geological mapping, is used to demonstrate 
coherence of patterns. The fundamental questions to 
emerge from the revealed patterns are those of analogy 
and genesis [9]. If this entire assemblage of (appar-
ently) water-related landforms, as manifested in time 
and spatial association (these being recognized by geo-
logical mapping), were to be observed on Earth, what 
would be the most productive hypotheses in regard to 
their origins? Finally, do the resulting hypotheses lead 
nowhere, or do subsequent discoveries line up in ways 
that make otherwise diverse theories converge in uni-
fied explanation, i.e., do we achieve consilience? 

Very Young, Water-Related Landforms:  The 
exceptionally young water-related features include 
gullies formed by debris-flow processes [4, 10], poly-
gonally patterned ground [11], a thin ice-rich mantling 
layer at mid-to-high latitudes [12, 13], channels and 
related volcano-ice interaction features [14, 15, 16], 
lobate debris aprons [17] and lineated valley fills of 
possible glacial origin [6], and dark slope streaks on 
hillslopes [18] and sand dunes [10]. Varying degrees 
of controversy surround both the age estimates and the 
postulated origins of all these features. The young ages 
are implied by uncratered or very lightly cratered sur-
faces, implying an age within the last 10 million years 
[19]. While burial and exhumation may also generate 
such age relationships, this explanation creates the new 
problem of accounting for widespread exhumation in 
recent geological history. 

Controversies over genesis are well illustrated by 
the putative very young glacial features. Resistance to 
the possibility of active glaciers in the Martian past [2] 
is most curious given that there is general scientific 
agreement on the huge assemblage of periglacial land-
forms on Mars [e.g. 20, 21]. These landforms are all 
well known to require active ground-ice processes, 
including freezing and thawing of water [22]. On Earth 
most of the equivalents to Mars periglacial landforms 
(ice-wedge polygons, thermokarst, frost mounds, rock 
glaciers, pingos) develop under climate conditions that 
are both warmer and wetter than those of cold-based 
glaciers [6]. What is critical for glaciers is that 
substantial atmospheric water vapor transport must 
occur to sustain the snow accumulation that generates 
the positive mass balance needed for glacial growth. 
There are no known Earth glaciers that persist for long 
time periods with water supplied from the melting of 
ground ice. Moreover, the mass and energy balances 
necessary to sustain glaciers on Mars are very similar 
to what is required for temporary ponding of water in 
lakes. Abundant evidence for relatively young (Ama-
zonian) paleolakes on Mars [23] is consistent with the 
hypothesis of glacial landforms. It is also important 
that all the young water-related landforms are known 
from terrestrial experience to form very quickly (cen-
turies to millennia). 

A Recent Episode of Climate Change: Mars cur-
rently is experiencing ongoing climate change [24], 
and past climatic forcing by obliquity variations [25, 
26] seems highly probable. Temporary ice-water phase 
changes and quasi-stability of liquid water [27, 28] are 
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possible even under current conditions, at certain loca-
tions [29]. However, the immense volumes of water 
implied by precipitation of snow and sequestering in 
near-surface ground ice probably require a much more 
effective mechanism of water mobilization and recy-
cling. The exceptionally young outflow channels and 
associated volcanism in both the Cerberus Plains [15] 
and Tharsis regions [16] most likely introduced large 
amounts of water and radiatively active gases into the 
atmosphere. This association of immense outflow 
channel discharges with contemporaneous water-
related landforms is not unique in Martian geological 
history. Indeed, it is exactly this association that led to 
the MEGAOUTFLO hypothesis of episodic volcan-
ism, outflow flooding, ponding of water, glaciation, 
and fluvial flow on Mars [30, 31]. This unanticipated 
discovery ties one explanation, that of the origin of 
very recent water-related landforms, to a larger ex-
planatory scheme, MEGAOUTFLO (Mars Episodic 
Glacial Atmospheric Oceanic Upwelling by Ther-
motectonic Flood Outbursts), which was developed 
independent of and prior to the discovery. Not a logi-
cal confirmation, this is a consilience. It does not prove 
the truth of the explanation; instead, it shows the fruit-
fulness of the explanation as a guide to truth. 

Conclusion:  While arguments over the origins of 
individual landforms are interesting, and model simu-
lations from simple assumptions are productive for 
theory representation, they should not displace the 
global study of landforms by colligation, coherence, 
and consilience. These methods have only begun to be 
applied to the newly recognized, exceptionally young, 
water-related landforms of Mars. The preliminary con-
clusion is that very recent hydroclimatic change, likely 
episodic, induced major hydrological activity of pro-
found contrast to the current regime. While this con-
clusion is certainly problematic, its coherent plausibil-
ity and its immense importance for astrobiology and 
future human exploration merit more attention, includ-
ing the theoretical modeling of its processes and con-
sequences. 
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